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Abstract. Heavy mesons in nuclear matter and nuclei are analyzed within different
frameworks, paying a special attention to unitarized coupled-channel approaches. Possible
experimental signatures of the properties of these mesons in matter are addressed, in particular
in connection with the future FAIR facility at GSI.
1. Introduction
Over the last decades, matter under extreme conditions of density and temperature has been the
subject of study in order to address fundamental aspects of the strong interaction. This study is
intimately linked to several experimental programs, such as SIS/GSI, RHIC/BNL, LHC/CERN
project and the forthcoming PANDA and CBM experiments at FAIR. In this context, the
properties of hadrons with strange and charm content in hot and dense matter are of particular
interest. Whereas the properties of mesons with strangeness in dense matter have been analyzed
in connection to the study of exotic atoms as well as the analysis of heavy-ion collisions, the
properties of mesons with charm are under scrutiny and will play an important role at FAIR.
In this talk we review different approaches to obtain the in-medium properties of the strange
and open-charm mesons in nuclear matter and nuclei, paying a special attention to coupled-
channels unitarized methods. Several experimental scenarios are analyzed, such as heavy-ion
collision data on strange pseudoscalar mesons, the photoproduction of strange vector mesons,
the formation of D-mesic nuclei and the D-meson propagation from RHIC to FAIR energies.
2. Strange mesons in matter
2.1. Strange pseudoscalar mesons: K¯ in matter
Early works based on relativistic mean-field calculations [1] obtained very deep potentials of a
few hundreds of MeVs at saturation density ρ0 for K¯ in matter, in line with the analysis of data
on antikaonic atoms using phenomenological models [2]. However, antikaonic-atom data tests
matter at the surface of the nucleus and, therefore, do not really provide a suitable constraint
on the antikaon-nucleus potential at saturation density.
Later approaches on unitarized theories in coupled channels based on the chiral approach [3, 4]
or on meson-exchange potentials [5, 6] obtain a much less attractive potential. In these schemes,
the attraction is a consequence of the modified s-wave Λ(1405) resonance in the medium due to
Pauli blocking [7] together with the self-consistent consideration of the K¯ self-energy [3] and the
inclusion of self-energies of the mesons and baryons in the intermediate states [4]. Attraction
of the order of -50 MeV at normal nuclear matter density is then reached [4, 5, 6]. Moreover,
higher-partial waves beyond s-wave [8, 9, 10, 11] become essential for relativistic heavy-ion
experiments at beam energies below 2 GeV per nucleon.
One of the latest unitarized approaches for calculating the K¯ self-energy in symmetric nuclear
matter at finite temperature is that of Refs. [10, 11]. In this model, the K¯ self-energy and, hence,
the spectral function are obtained from the in-medium K¯-nucleon interaction in s− and p−waves
within a chiral unitary approach. The evolution of the K¯ spectral function with density and
temperature is shown in the l.h.s. of Fig. 1, defined as
SK¯(q0, ~q, T ) = −
1
π
ImΠK¯(q0, ~q, T )
| q20 − ~q
2 −m2
K¯
−ΠK¯(q0, ~q, T ) |
2
, (1)
where ΠK¯(q0, ~q, T ) is the K¯ self-energy. The K¯ spectral function shows a broad peak that
results from a strong mixing between the quasi-particle peak and the Λ(1405)N−1 and Y (=
Λ,Σ,Σ∗)N−1 p-wave excitations. Temperature and density soften the p-wave contributions to
the spectral function at the quasi-particle energy.
From heavy-ion collisions there has been a lot of activity aiming at extracting the properties
of K¯ in a dense and hot environment [12]. Initial studies have addressed the K¯ production
in nucleus-nucleus collisions at SIS energies using a transport model with K¯ that were dressed
with the Juelich meson-exchange model [13] or analyzing multiplicity ratios [14]. However, the
question that still remains is to what extend the properties of K¯ mesons are modified in matter.
2.2. Vector mesons with strangeness: K¯∗ in matter
With regard to strange vector mesons in the nuclear medium, very little discussion has been
made about their properties. Recently, the K¯∗ self-energy in symmetric nuclear matter has
been obtained within the hidden gauge formalism of Ref. [15]. Two sources for the modification
of the K¯∗ s-wave self-energy emerged in nuclear matter: one associated to the decay mode
K¯π modified by nuclear medium effects on the π and K¯ mesons (which accounts for the
K¯∗N → K¯N, πY, K¯πN, ππY . . . processes, with Y = Λ,Σ); and a second one linked to the
interaction of the K¯∗ with the nucleons in the medium (which accounts for the direct quasi-
elastic process K¯∗N → K¯∗N , as well as other absorption channels involving vector mesons and
baryons, K¯∗N → V B), coming from a unitarized coupled-channel calculation. Two resonances
are generated dynamically, Λ(1783) and Σ(1830), which can be identified with the experimentally
observed states JP = 1/2− Λ(1800) and the JP = 1/2− PDG state Σ(1750), respectively [16].
The K¯∗ spectral function at zero temperature is given in a similar way as in Eq. (1) and is
displayed in the middle panel of Fig. 1 as a function of the meson energy q0, for zero momentum
and different densities up to 1.5 ρ0. The dashed line refers to the calculation in free space,
where only the K¯π decay channel contributes, while the other three lines correspond to the
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Figure 1. Left: K¯ spectral function for different densities, temperatures and momenta [10].
Middle: K¯∗ spectral function at zero momentum for different densities [15]. Right: K¯∗
transparency ratio [15].
self-consistent calculations, which incorporate the process K¯∗ → K¯π in the medium, as well
as the quasielastic K¯∗N → K¯∗N and other K¯∗N → V B processes. The structures above
the quasiparticle peak correspond to the dynamically generated Λ(1783)N−1 and Σ(1830)N−1
excitations. Density effects result in a dilution and merging of those resonant-hole states,
together with a broadening of the spectral function due to the increase of collisional and
absorption processes. What is clear from the present approach, is that the spectral function
spread of the K¯∗ increases substantially in the medium, becoming at normal nuclear matter
density five times bigger than in free space.
In order to test the K¯∗ self-energy experimentally, we analyze the normalized nuclear
transparency ratio, defined as
TA =
T˜A
T˜12C
, with T˜A =
σγA→K+ K∗− A′
AσγN→K+ K∗− N
. (2)
It describes the loss of flux of K∗− mesons in the nucleus and is related to the absorptive part
of the K∗−-nucleus optical potential and, thus, to the K∗− width in matter. We evaluate the
ratio between the nuclear cross sections in heavy nuclei and a light one (12C), TA, so that other
nuclear effects not related to the absorption of the K∗− cancel. In the right panel of Fig. 1 we
observe a very strong attenuation of the K¯∗ survival probability due to the decay K¯∗ → K¯π or
absorption channels K¯∗N → K¯N, πY, K¯πN, ππY, K¯∗N, ρY, ωY, φY, . . . with increasing nuclear-
mass number A. This is due to the larger path that the K¯∗ has to follow before it leaves the
nucleus, having then more chances to decay or get absorbed.
3. Open-charm mesons in matter
The medium modifications of mesons with charm, such as D and D¯ mesons, have been
object of recent theoretical interest due to the consequences for charmonium suppression.
A phenomenological estimate based on the quark-meson coupling (QMC) model predicts an
attractive D+-nucleus potential at ρ0 of ∼ -140 MeV [17]. The D-meson mass shift has also
been studied using the QCD sum-rule (QSR) approach [18, 19], where a mass shift of -50 MeV
at ρ0 for the D-meson has been suggested [18]. Recent results on QSR rules for open charm
mesons can be found in [19]. The mass modification of the D-meson is also addressed using a
chiral effective model in hot and dense matter [20], where strong mass shifts were obtained.
With regard to approaches based on coupled-channel dynamics, unitarized methods have been
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Figure 2. Left: D−-nucleus bound states, with B and Γ the binding energy and width [37].
Right: Spatial diffusion coefficient for D mesons multiplied by 2πT [39]. For recent updates in
the high-temperature phase, see Refs. [40, 41].
applied in the meson-baryon sector with charm content [21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31],
partially motivated by the parallelism between the Λ(1405) and the Λc(2595).
More recently, the implementation of heavy-quark spin symmetry (HQSS) has been
considered, which is a proper QCD symmetry that appears when the quark masses, such as the
charm mass, become larger than the typical confinement scale. The model generates dynamically
resonances with negative parity in all the isospin, spin, strange and charm sectors that one can
form from an s-wave interaction between pseudoscalar and vector meson multiplets with 1/2+
and 3/2+ baryons [32, 33, 34, 35]. Within this model, the self-energies and, hence, spectral
functions for D and D∗ mesons are obtained self-consistently in a simultaneous manner, as it
follows from HQSS, by taking, as bare interaction, an appropiately extended WT interaction [35].
We incorporate Pauli blocking effects and open charm meson self-energies in the intermediate
propagators for the in-medium solution [36].
The detection of the in-medium properties of open charm mesons in matter can be addressed,
for example, in the possible formation of D mesic nuclei. The QMC model predicted D and D¯-
meson bound states in 208Pb relying upon an attractive D and D¯ -meson potential in the nuclear
medium [17]. Within the model that respects HQSS, we obtain that for D¯-mesic nuclei [37], not
only D− (as seen in Fig. 2)) but also D¯0 is bound in nuclei . The spectrum contains states of
atomic and of nuclear types for all nuclei for D− while only nuclear states are present for D¯0
in nuclei. Compared to the pure Coulomb levels, the atomic states are less bound. The nuclear
ones are more bound and may present a sizable width. Moreover, nuclear states only exist for
low angular momenta. In what respects to D mesons [38], D0-nucleus states are weakly bound
in contrast to previous results using the QMC model. Moreover, those states have significant
widths, in particular, for 208Pb. Only D0-nucleus bound states are possible since the Coulomb
interaction prevents the formation of observable bound states for D+ mesons. The experimental
detection of D bound states is, however, a difficult task [38].
Another possibility is the study of transport coefficients for a D meson in a hot dense
medium composed of light mesons and baryons, such as it is formed in heavy-ion collisions. One
interesting observable is the spatial diffusion coefficient Dx around the phase transition from
RHIC to FAIR energies [39] (see Fig. 2 right), with a plausible minimum at the phase transition
following an isentropic trajectory from the hadronic to the quark-gluon phase [40, 41].
Acknowledgements
This research was supported by DGI and FEDER funds (FIS2011-28853-C02-02, FIS2011-
24149, FIS2011-24154, FPA2010-16963, FPA2013-43425-P) and the Spanish Consolider-Ingenio
2010 Programme CPAN (CSD2007-00042), by Junta de Andaluc´ıa Grant No. FQM-225, by
Generalitat Valenciana under Contract No. PROMETEO/2009/0090, by the Generalitat de
Catalunya under contract 2009SGR-1289, by the EU HadronPhysics3 project Grant Agreement
No. 283286, Programme ”Together” of the Region Pays de la Loire, the FP7- PEOPLE-
2011-CIG under Contract No. PCIG09-GA-2011-291679, BMBF (Germany) under project No.
05P12RFFCQ, and Ramon y Cajal Programme.
References
[1] Schaffner J, Bondorf J and Mishustin I N 1997 Nucl. Phys. A 625 325
[2] Friedman E and Gal A 2007 Phys. Rep. 452 89
[3] Lutz M 1998 Phys. Lett. B 426 12
[4] Ramos A and Oset E 2000 Nucl. Phys. A 671 481
[5] Tolos L, Ramos A, Polls A and Kuo T T S 2001 Nucl. Phys. A 690 547
[6] Tolos L, Ramos A and Polls A 2002 Phys. Rev. C 65 054907
[7] Koch V 1994 Phys. Lett. B 337 7
[8] Tolos L, Ramos A and Oset E 2006 Phys. Rev. C 74 015203
[9] Lutz M F M, Korpa C L and Moller M 2008 Nucl. Phys. A 808 124
[10] Tolos L, Cabrera D and Ramos A 2008 Phys. Rev. C 78 045205
[11] Cabrera D, Tolos L, Aichelin J and Bratkovskaya E Preprint 1406.2570 [hep-ph]
[12] Hartnack C, Oeschler H, Leifels Y, Bratkovskaya E L and Aichelin J 2012 Phys. Rep. 510 119
[13] Cassing W, Tolos L, Bratkovskaya E L and Ramos A 2003 Nucl. Phys. A 727 59
[14] Tolos L, Polls A, Ramos A and Schaffner-Bielich J 2003 Phys. Rev. C 68 024903
[15] Tolos L, Molina R, Oset E and Ramos A 2010 Phys. Rev. C 82 045210
[16] Oset E, Ramos A, Garzon E J, Molina R, Tolos L, Xiao C W, Wu J J and Zou B S 2012 Int. J. Mod. Phys.
E 21 1230011
[17] Tsushima K, Lu D H, Thomas A W, Saito K and Landau R H 1999 Phys. Rev. C 59 2824; Sibirtsev A,
Tsushima K and Thomas AW 1999 Eur. Phys. J. A 6 351
[18] Hayashigaki A 2000 Phys. Lett. B 487 96
[19] Hilger T, Thomas R and Kampfer B 2009 Phys. Rev. C 79 025202; Hilger T, Kampfer B and Leupold S 2011
Phys. Rev. C 84 045202
[20] Mishra A, Bratkovskaya E L, Schaffner-Bielich J, Schramm S and Sto¨cker H 2004 Phys. Rev. C 69 015202;
Kumar A and Mishra A 2010 Phys. Rev. C 81 065204; Kumar A and Mishra A 2011 Eur. Phys. J. A 47
164
[21] Tolos L, Schaffner-Bielich J and Mishra A 2004 Phys. Rev. C 70 025203
[22] Tolos L, Schaffner-Bielich J and Stoecker H 2006 Phys. Lett. B 635 85
[23] Lutz M F M and Kolomeitsev E E 2004 Nucl. Phys. A 730 110
[24] Hofmann J and Lutz M F M 2005 Nucl. Phys. A 763 90; Hofmann J and Lutz M F M 2006 Nucl. Phys. A
776 17
[25] Mizutani T and Ramos A 2006 Phys. Rev. C 74 065201
[26] Tolos L, Ramos A and Mizutani T 2008 Phys. Rev. C 77 015207
[27] Molina R, Gamermann D, Oset E and Tolos L 2009 Eur. Phys. J. A 42 31
[28] Jimenez-Tejero C E, Ramos A, Tolos L and Vidana I 2011 Phys. Rev. C 84 015208
[29] Haidenbauer J , Krein G, Meissner U G and Sibirtsev A 2007 Eur. Phys. J. A 33 107
[30] Haidenbauer J, Krein G, Meissner U G and Tolos L 2011 Eur. Phys. J A 47 18
[31] Wu J J , Molina R, Oset E and Zou B S 2010 Phys. Rev. Lett. 105 232001
[32] Garcia-Recio C, Magas V K, Mizutani T, Nieves J, Ramos A, Salcedo L L and Tolos L 2009 Phys. Rev. D
79 054004
[33] Gamermann D, Garcia-Recio C, Nieves J, Salcedo L L and Tolos L 2010 Phys. Rev. D 81 094016
[34] Romanets O, Tolos L, Garcia-Recio C, Nieves J, Salcedo L L and Timmermans R G E 2012 Phys. Rev. D
85 114032
[35] Garcia-Recio C, Nieves J, Romanets O, Salcedo L L and Tolos L 2013 Phys. Rev. D 87 074034
[36] Tolos L, Garcia-Recio C, and Nieves J 2009 Phys. Rev. C 80 065202
[37] Garcia-Recio C, Nieves J, Salcedo L L and Tolos L 2012 Phys. Rev. C 85 025203
[38] Garcia-Recio C, Nieves J and Tolos L 2010 Phys. Lett. B 690 369
[39] Tolos L and Torres-Rincon J M 2013 Phys. Rev. D 88 074019
[40] Berrehrah H, Gossiaux P B, Aichelin J, Cassing W, Torres-Rincon J M and Bratkovskaya E Preprint
1406.5322 [hep-ph]
[41] Ozvenchuk V, Torres-Rincon J M, Gossiaux P B, Tolos L and Aichelin J Preprint 1408.4938 [hep-ph]
